Blood glucose concentration, pH and standard bicarbonate concentration were measured in 70 anaesthetized children aged between 2 weeks and 22 months before and following surgery. The duration of starvation varied between 4 and 14h (mean 5.8 h). The lowest blood-glucose concentration before operation was 2.9 mmol litre" 1 (53 mgdl" 1 ). Preoperative blood-glucose concentrations were not influenced by the age or weight of the child, or the duration of starvation. During operation the children received either a balanced Ringer acetate solution (group A) or a Ringer glucose solution containing 2.5% glucose (group B). In these patients the preoperative starvation did not result in hypoglycaemia and, during surgery, increases in blood-glucose concentration were found even in those children receiving a glucose-free fluid regimen.
The influence of preoperative starvation on bloodglucose concentration in paediatric patients remains controversial. In the study by Thomas (1974) the risk of hypoglycaemia (defined as blood-glucose concentration less than 2.3 mmol litre" 1 ,40 mg dl" 1 ) was increased in children younger than 4 years-ofage having prolonged preoperative starvation. The possibility of hypoglycaemia remaining undetected during anaesthesia resulted in recommendations for the use of glucose-containing fluids during surgery (Watson, 1972) . However, other studies were unable to confirm that the duration of starvation before operation had any influence on preoperative blood-glucose concentrations (Bevan and Burn, 1973; Graham, 1979; Jensen, Wernbergand Andersen, 1982) . The aim of the present study was to relate preoperative blood-glucose concentrations to the duration of starvation and the weights and ages of the children. Since most of the data in earlier studies were obtained in older children, subjects aged between 2 weeks and 2yr were studied. In addition, changes in blood-glucose concentration, pH and standard bicarbonate concentration were studied before and after surgery using different perioperative fluid regimens.
PATIENTS AND METHODS
Seventy children of less than 2 yr were included in the study ( fig. 1 ). All underwent surgery between 8 a.m. and 2 p.m. and all were healthy apart from the indication for surgery (see table I for diagnoses). Whenever possible, the children were fed with formula or breast milk 4h before anaesthesia. The children were divided into two equal groups (n = 35): group A received a Ringer acetate solution (Ringerdex, Pharmacia AB Sweden) during operation, and group B received Ringer glucose with 2.5% glucose (Ringer-glucos, ACO AB Sweden). In both groups the rates of infusion were 15-20 ml kg" 1 during the 1st hour followed by 5-10 ml kg" 1 h" 1 thereafter (table II) . Infants aged less than 1 yr were premedicated with atropine, i.m. Children older than 1 yr received sodium thiopentone 30mgkg -1 rectally to induce anaesthesia. Anaesthesia was maintained with either nitrous oxide and halothane in oxygen with spontaneous ventilation using a Mapleson D system (group A, n = 22; group B, n = 22), or nitrous oxide in oxygen plus fentanyl in association with control- led ventilation (group A, n = 13; group B, n = 13). Pancuronium was administered to produce neuromuscular blockade in the latter groups. Arterialized capillary blood samples were analysed for pH and standard bicarbonate concentration after the induction of anaesthesia and at the end of surgery. At the same time, peripheral venous blood was collected and analysed by the glucose 6-phosphate dehydrogenase method for blood-glucose concentration (accuracy of 5%). Peripheral venous blood was obtained from the indwelling venous catheters used routinely during anaesthesia. Samples were never taken from the cannulae used to administer the glucose-containing solutions. Statistical analyses of the data were performed using Student's r test, chi-square test and linear regression. P values <0.01 were considered significant.
RESULTS
The age distribution is displayed in figure 1. The medians and ranges for age and weight, and the means (± SD) for the duration of starvation period, duration of operation and perioperative fluid administration are presented in table II. The variables did not differ significantly between the two groups (chi-square and t test).
Blood-glucose concentration, pH and standard bicarbonate concentration are presented in table III. There were no differences between groups A and B before surgery (t test). In figures 2 and 3 preoperative blood-glucose concentrations for all patients (n = 70) are compared with age and duration of starvation, respectively. The lowest blood-glucose concentration before operation was 2.9 mmol litre" 1 (53mgdl~'). No significant correlations (linear regression) were obtained between preoperative blood-glucose concentrations and age, weight or the duration of starvation.
There were no significant changes in pH and standard bicarbonate concentration during anaesthesia and surgery (table III) . Mean values for blood-glucose concentrations before and after surgery are presented separately for the two groups ( fig. 4 ). Blood-glucose concentrations had increased significantly in both groups after surgery (P<0.001; t test). The increase in blood-glucose concentration in group B was significantly greater than that in group A (P< 0.001; t test). Figure 5 illustrates the postoperative blood-glucose concentrations in relation to the duration of surgery. None of the patients was hypoglycaemic after surgery. On the contrary, several children in group B (Ringer glucose) had high values. The blood-glucose concentrations were not influenced by the technique of anaesthesia.
DISCUSSION
Hypoglycaemia after the 3rd day of life is commonly defined as a blood-glucose concentration of less than 2.2 mmollitre" 1 (Comblath and Schwartz, 1976) ; with values less than this there is a risk of neurological damage that may be undetected during anaesthesia. In the studies by Watson (1972) and Thomas (1974) , hypoglycaemia, as defined, was found, especially after a prolonged period of starvation in children younger than 4 yr. A short period of starvation before operation, and the administration of glucose-containing fluids during surgery, were recommended. However, other studies (Bevan and Burn, 1973; Graham, 1979; Elphick and Wilkinson, 1981; Jensen, Wernberg and Andersen, 1982) could not confirm that the duration of starvation influenced the preoperative blood-glucose concentration. This disparity may be caused by the time of surgery, since the children studied by Thomas (1974) underwent operation in the afternoon. In our study, no hypoglycaemia was found before operation and neither the duration of starvation, nor the weight or age of the child correlated with the preoperative blood-glucose concentration. Standard bicarbonate concentrations showed that there was a tendency to metabolic acidosis, as noted by Bevan and Burn (1973) . However, there was no tendency for the standard bicarbonate concentration to decrease with increasing duration of preoperative starvation.
Increases in blood-glucose concentrations have been found during surgery in adults when both saline and 5% glucose solutions were infused during operation (Nuutinen and Hollmen, 1975) . Several factors such as a decrease in glucose tolerance (Wright, Henderson and Johnston, 1974) , low peripheral glucose utilization, increased splanchnic release of glucose, and an increase in the peripheral uptake of gluconeogenic substances (Gump et al., 1975; Stjernstrom, Jorfeldt and Wiklund, 1981) as a result of increased sympatho-adrenergic activity may account for the hyperglycaemic response to surgery and trauma. Similar results, that is, an increase in blood-glucose concentrations, were found during minor paediatric surgery in our study, whether glucose was administered i.v. or not, although the highest values were obtained in those children receiving a glucose-containing solution.
The increase was similar in magnitude to that noted by Nuutinen and Hollmen (1975) in adults. The maintenance of blood-glucose concentrations provides energy substrates for the tissues, especially the brain. However, hyperglycaemia is probably not advantageous and may induce an osmotic diuresis. The results of the present study indicate that glucose-containing solutions are not necessary to maintain adequate blood-glucose concentrations during paediatric surgery in the age group studied. However, the study did not include newborn or premature infants in whom low stores of glucogen and fat may indicate a need for the early infusion of glucose to avoid hypoglycaemia.
LA GLYCEMIE AU COURS DE L'ANESTHESIE CHEZ L'ENFANT
Effets du jeune etdes perfusions peri-operatoires RESUME La glycemie, le pH et la concentration standard de bicarbonates ont etc mesures chez 70 enfants anesthesies, ages de 2 semaines a 22 mo is, avant et apres l'acte chirurgical. La duree du jcune variaitde4a 14h(moyenne: 5,8 h). La glycemie pre-operatoire la plus faible etait de 2,9mmol litre" 1 (53mgdl~'). Les glycemies preoperatoires n'etaient pas en rapport avec l'age, le poids de l'enfant ou la duree du jeune. Au cours de l'intervention, les enfants ont recu soit une solution equilibree de Ringer acetate (groupe A), soit une solution de Ringer contenant du glucose a 2,5% (groupe B). Dans le groupe A, les glycemies ont augmente de 4,2 a 5,6mmol litre" 1 et dies ont augmente significativement plus dans le groupe B (de 4,1 a 8,6mmol litre" 1 ). Le jeune pre-operatoire n'a pas entraine dTiypoglycemie chez nos patients el peixlajil riulervenljun, l'uugmenuition de la glycemie a etc retrouvee rneme chez les enfants qui recevaient des perfusions sans glucose. 
BLUTGLUCOSEKONZENTRATIONEN WAHREND NARKOSEN BEI KINDERN

SUMARIO
En 70 nino* anestesiados cuya edad variaba entre dos «^mana« y 22 meses, se midieron la concentracion de glucosa en la sangre, el pH y la concentracion normal de bkarbonato antes y despues de lacirujia. La duraci6n de las ayunas variaba entre4y 14h(promedio 5,8 h). La concentracion mas baja de glucosa en la sangre antes de la operation era de 2,9mmol litre" 1 (53mgcn"')-La edad, d peso del nino o la durackm de las ayunas no tuvieron influencia algiinn sobre las concentraciones glucosasangre pre-operatorias. En el curso de la operadon, se administro a los ninos ya sea una sohicion equilibrada de acetato de Ringer (grupo A) ya sea una sohicion de Ringer que contenia glucosa al
